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Abstract
Objective Tooth agenesis is one of the most common craniofacial developmental anomalies. In hypodontia, one to five teeth are
missing, whereas oligodontia refers to the absence of at least six teeth, excluding the third molars. Mutations in several genes
including MSX1, PAX9, AXIN2, and WNT10A have been shown to cause non-syndromic tooth agenesis. Regional
odontodysplasia (RO), also known as Bghost teeth,^ is a rare developmental anomaly of tooth formation affecting both dentitions.
Some possible causes of RO have been suggested, yet the etiology remains unknown. Because the phenotypes of both
oligodontia and RO co-occur in one Finnish family, the aim here was to investigate the genetic etiology of the two conditions.
Materials and methods A mutation screening of the genes MSX1, PAX9, AXIN2, and WNT10A was performed for the family
members of a RO patient and family history of oligodontia.
Results An initiation codon mutation of the PAX9 gene was found in the proband and segregating with oligodontia in the family.
Conclusions The etiology of regional odontodysplasia (RO) may be genetic and the same genes can be involved both in RO and
tooth agenesis.
Clinical relevance Our results give new insights into the etiology of regional odontodysplasia, yet further results are needed.
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Introduction
According to literature, regional odontodysplasia (RO) is a
rare odontological disorder which may affect both primary
and permanent teeth in one section of the dentition; in about
half of the cases, both primary and permanent dentitions are
affected. The condition is more common among females than
males. RO may affect dentition in maxilla or mandible com-
monly involving maxillary lateral incisor regions. RO affects
contiguous teeth in one quadrant, usually not exceeding the
midline. Most of the literatures on RO are case reports; in the
2000s, only a few reviews have been published [1–3].
The etiology of regional odontodysplasia is unclear.
Infections, medications, vascular defects, trauma, and nutri-
tional deficiencies have been suggested as etiological factors
of the disorder [2, 4]. The heritability of the disorder has not
been established [2]. Occasionally, RO has been connected
with some other disorders, such as vascular naevi, the anom-
aly of the affected side of the face, hydrocephalus, and
hypophosphatasia [5].
Clinically, disturbances in tooth eruption may appear. Both
periodontal and periapical infections are associated with
RO—swellings, gingivitis, and abscesses. Fibrous tissue
covers the alveolar crest. Teeth appear malformed and are
often small in size. They may be hypoplastic and/or
hypomineralized, and there may also be an increased inci-
dence of agenesis. The color of the teeth is brown or yellow
and the tooth enamel is soft and prone to decay. When teeth
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are extracted, the tooth tissue is thin and eggshell-like.
Radiographically, teeth with short roots are often called Bghost
teeth^ due to their shadowy, poorly mineralized appearance
concerning both dentin and enamel. The pulp chambers are
often wide. Histologically, the enamel prism structure is atyp-
ical and contains the so-called apatitic needles and remnants of
enamel matrix. In dentin, irregular dentin dominates and the
dentin layer is thinner than normal. On the other hand, the
thickness of predentin layer is increased. The number and
structure of dentinal tubules varies according to the severity
of the condition [2].
One of the most common dental disorders is tooth agenesis,
i.e., non-syndromic hypo- (one to five teeth), oligo- (more
than six teeth), and complete anodontia, prevalence decreas-
ing by the severity of the condition. Congenital tooth agenesis
most commonly affects maxillary incisors andmandibular and
maxillary premolars. Non-syndromic tooth agenesis has been
shown to be hereditary and caused bymutationsMSX1, PAX9,
AXIN2, WNT10A, EDA, and EDAR genes [6, 7].
The aim of the study was to investigate the genetic etiology
of regional odontodysplasia in a patient treated in the Oulu
University Hospital, Finland, with a family history of
oligodontia.
Material and methods
Subjects
The study population comprised a single Finnish family with
regional odontodysplasia and tooth agenesis. A pedigree was
drawn on the basis of interviews with family members, clini-
cal examinations and available clinical data (Fig. 1).
Mutation detection
Blood and saliva samples were collected from the proband,
her parents, her maternal aunts, and her grandparents for ge-
nomic DNA isolation. DNA samples extracted from blood
were analyzed for WNT10A (ref. seq. NM_025216.2;
NC_000002.11), AXIN2 (ref. seq. NM_004655.3;
NC_000017.10), and PAX9 (ref. seq. NM_006194.2;
NC_000014.7) genes in the laboratory of UMC Utrecht, the
Netherlands. Their DNA test is based on a PCR analysis
followed by a sequence analysis of coding exons including
flanking Bsplice-site^ consensus sequences.
DNAwas isolated from saliva with the Oragene DNA pu-
rifier reagent (DNA Genotek, Ottawa, Ontario, Canada) ac-
cording to the manufacturer’s instructions. A mutational anal-
ysis of exons of PAX9,MSX1, andWNT10Awas performed as
described earlier (see Supporting Information Table 1 in Arte
et al. 2013) [6].
Ethics
All participants gave their written informed consent for this
case report.
Results
Phenotype analysis
A 6-year-old girl was referred from primary health care in the
City of Oulu to the Oulu University Hospital, Finland, be-
cause of dental developmental disturbances in maxillary right
quadrant. The pregnancy and delivery had occurred without
any complications. Birth weight was 3815 g and the Apgar
scores were 9/10/10. The patient’s medical history was clear.
At the time of the referral, the growth and development of the
patient as well as her skin, nail, hair and eyebrows, and oral
soft tissues were normal. No facial asymmetry was discov-
ered. The occlusion was Angle Class I. Horizontal overbite
was 3.5 mm and vertical overbite was 4.5 mm. The patient had
a frontal deep bite. Alveolar crest in maxilla was hanging on
the affected side.
Clinically, at the age of 6.5 years, there was a partial, de-
layed eruption and gingival swelling of the permanent right
central incisor. The erupted right maxillary primary molars, a
canine, and a lateral incisor were all yellow and hypoplastic.
There was a fistula scar on the gingiva of the maxillary right
lateral primary incisor. The morphology of all other maxillary
teeth was normal. Themandibular teeth were morphologically
normal and erupting without problems (Fig. 2a).
Panoramic radiograph showed all teeth being affected by
RO in the maxillary right quadrant (Fig. 2b). Ghostly appear-
ance was seen specifically in the region dd. 11–15. The pulps
were large and there was lack of contrast between dentin and
enamel. The affected teeth were smaller in size and had shorter
roots than the rest of the teeth. An orthopantomographic X-ray
(OPG) showed no signs of the development of the maxillary
second permanent molars or maxillary right premolars.
According to the clinical and radiographic findings, the pa-
tient was given a diagnosis of regional odontodysplasia asso-
ciated with agenesis of five permanent teeth (Fig. 2). The
treatment of the patient has been and is complex and multidis-
ciplinary, involving an orthodontist, an oral surgeon, and a
pediatric dentist. As an example, a removable denture has
been presented in Fig. 3.
The mother and her two sisters had numerous missing teeth
fulfilling the criteria for oligodontia without any other defects.
The mother was missing all premolars and molars. One of her
sisters was missing altogether 12 permanent teeth in all quad-
rants including (dd.17, 16, 15, 13, 12, 25, 26, 27, 37, 31, 41,
47). The other sister was missing 17 teeth also in all quadrants
(dd.17, 16, 15, 14, 12, 22, 25, 26, 27, 37, 36, 35, 31, 41, 45,
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Fig. 2 a Clinical appearance of a
6.5-year-old girl with regional
odontodysplasia affecting the
right maxillary quadrant. b
Ortopantomograph showing
typical appearance of teeth with
regional odontodysplasia (RO) in
the right maxillary quadrant
Fig. 1 Pedigree of a family with
RO and oligodontia. a The
proband (III: 1) has RO and
oligodontia. Her mother (II: 1),
mother’s sisters (II: 2, 3), and
grandfather (I: 1) have showed
only oligodontia. All affected
family members have PAX9 gene
c.2T>A mutation. b DNA
sequence electropherogram of the
proband showing the initiation
codon mutation of PAX9 which
changes ATG to AAG
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46, 47). Without clinical evidence, the mother of the patient
reported missing teeth of the grandfather.
Mutation analysis
A mutation screening of the four genes associated with hypo-
or oligodontia (WNT10A, PAX9, MSX1, and AXIN2) revealed
a h e t e r o z y g o u s m u t a t i o n i n PA X 9 . T h e
NM_006194.2:c.2T>A (NP_006185.1:p.Met1?) variant in
exon 2 changes the translation initiation codon ATG to AAG
preventing protein production from the mutated copy of the
gene. Software analyses used by the UMC laboratory predict-
ed the variant to have pathogenic properties. It has not been
observed in control cohorts (ExAC, 1000Genomes) and SIFT
and MutationTaster predict this variant to be disease-causing.
The variant was also found from the affected mother, the
aunts, and the grandfather and it was absent in the sample of
the healthy father (Fig. 1).
Discussion
We describe here a girl with regional odontodysplasia.
Interestingly, a pedigree analysis indicated a family history
of oligodontia segregating in an autosomal dominant manner.
Several genes including MSX1, WNT10A, AXIN2, and PAX9
have been associated with non-syndromic tooth agenesis but
the cause of RO is unknown. Mutations in PAX9 have been
reported in numerous studies and they characteristically most
strongly affect molars and premolars, sometimes also decidu-
ous molars [6–8]. The phenotypes of the affected family
members in this case confirm this pattern. The identified mu-
tations include three that affect the translation initiation codon,
c.1A>G, c.2T>G, and c.3G>A [7, 9, 10], all expected to cause
loss of function as they prevent translation from the affected
copy of the gene. As far as we know, this is the first time that a
PAX9 gene mutation has been reported in a patient with re-
gional odontodysplasia.
PAX9 is a transcription factor present in dental mesen-
chyme, activating signals leading to odontogenesis. In mice,
lack of PAX9 has been shown to lead to an arrest of
odontogenesis at bud stage [11]. Interestingly, incomplete re-
duction of the PAX9 activity by hypomorphic alleles in mice
leads to partial tooth agenesis, enamel defects, and reparative
dentin formation [12]. It has been proposed that the inactiva-
tion of the Sonic hedgehog (Shh) gene in mice leads to a
phenotype that resembles regional odontodysplasia [13]. As
PAX9 is known to be necessary for mesenchymal Bmp4 sig-
naling [11], PAX9 deficiency may affect Shh expression in the
epithelium. Thus, it is possible that a PAX9 mutation predis-
poses dental development to an abnormality like regional
odontodysplasia. Even though RO-like defects have not been
previously described in patients with PAX9 mutations, our
finding suggests that special attention should be paid to RO-
like features in these patients.
Hypodontia and especially oligodontia require special at-
tention from the dentist, whereas RO is rare and challenging
for a clinician. In any case, early diagnosis is necessary. 3D
technology is a novel modern instrument for studying the
structure of the tissues surrounding the tooth [14].
Knowledge on the etiology and genetics of RO facilitates
the early diagnosing of the condition, which again is essential
Fig. 3 a Clinical appearance of
the patient with regional
odontodysplasia at the age of
8 years. b The situation with
removable denture
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for treatment planning. A multidisciplinary approach is nec-
essary when making a treatment plan. In treatment planning,
an orthodontist, a surgeon, and even a prosthodontist can be of
most help to a pediatric dentist.
Iizava et al. (2010) suggest retaining RO-affected teeth if
possible [15]. Crowns, for instance, stainless steel crowns
with ceramics not requiring preparation, have been shown to
keep the teeth vital even for several years [16]. However,
removing the infected, fragile teeth is often the only option
for treatment and even that requires the skills of an experi-
enced surgeon due to their eggshell-like consistency. It must
also be borne in mind, that even the bone can be affected by
RO. Removing the teeth may also lead to resorption of the
alveolar bone, which in a growing child requires continuous
care for retaining the occlusal planes. Autotransplantation is a
choice for treatment if there is crowding in the dentition in
other segments. Implants are a modern way of replacing ab-
sent teeth when a person reaches adulthood. If a whole quad-
rant is affected by RO, like in this case, dentures must bemade
and adjusted at the phase of the child’s growth to maintain the
occlusion and the appearance (Fig. 3).
This is the first time that a PAX9 gene mutation has been
found from a patient with regional odontodysplasia or RO. So
far, the etiology of RO remains unknown. Our findings sug-
gest that there may be a common etiology for tooth agenesis
and RO, but further research is needed to establish the role of
PAX9 in these processes. Increasing genetic testing of dental
patients and the use of exome/genome wide analyses will give
us more information about the etiology of this rare disease in
the future.
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